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1. Auflage
Models are one of the main instruments in scientific research. Disciplines have developed a
different model understanding of the notion, function and purpose. We thus need a systematic
approach in order to understand, to build and to use a model. This book gives an insight into
the discipline modelling know-how in Kiel and is a first starting point to develop a general
model approach that generalizes and combines for an inter disciplinary use.
Modelle sind wichtige Instrumente in der wissenschaftlichen Forschung. Die Disziplinen haben
unterschiedliche Modell-Verständnisse vom Begriff, der Funktion und vom Zweck entwickelt.
Wir benötigen einen systematischen Ansatz, um zu verstehen, wie Modelle entwickelt und
eingesetzt werden. Dieses Buch gibt einen Einblick in das disziplinäre Know-how in Kiel und ist
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27 The Notion of a Model
Definition: A model is a well-formed, adequate, and dependable instrument that
represents origins. Its criteria of well-formedness, adequacy, and dependability
must be commonly accepted by its community of practice within some context
and correspond to the functions that a model fulfills in utilisation scenarios and
use spectra. As an instrument, a model is grounded in its community’s sub-
discipline and is based on elements chosen from the sub-discipline.
27.1 The Conception of the Model
Science and technology widely uses models in a variety of in utilisation sce-
narios. Models function as an instrument in some utilization scenarios and
a use spectrum. Their function in these scenarios is a combination of functi-
ons such as explanation, optimization-variation, validation-verification-testing,
reflection-optimization, exploration, hypothetical investigation, documentation-
visualization, and description-prescription as a mediator between a reality and
an abstract reality that developers of a system intend to build. The model functi-
ons determine the purposes of the deployment of the model.
Models have several essential properties that qualify an instrument as a model
(Tha12; Tha14):
– An instrument is well-formed if it satisfies a well-formedness criterion.
– A well-formed instrument is adequate for a collection of origins if (i) it is ana-
logous to the origins to be represented according to some analogy criterion,
(ii) it is more focused (e.g. simpler, truncated, more abstract or reduced) than
the origins being modelled, and (iii) it sufficient to satisfy its purpose.
– Well-formedness enables an instrument to be justified: (i) by an empirical cor-
roboration according to its objectives, supported by some argument calculus,
(ii) by rational coherence and conformity explicitly stated through formulas,
(iii) by falsifiability that can be given by an abductive or inductive logic, and
(iv) by stability and plasticity explicitly given through formulas.
– The instrument is sufficient by a quality characterisation for internal quality,
external quality and quality in use or through quality characteristics (Tha10)
such as correctness, generality, usefulness, comprehensibility, parsimony, ro-
bustness, novelty etc. Sufficiency is typically combined with some assurance
evaluation (tolerance, modality, confidence, and restrictions).
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– Awell-formed instrument is called dependable if it is sufficient and is justified
for some of the justification properties and some of the sufficiency characte-
ristics.
– An instrument is calledmodel if it is adequate and dependable. The adequa-
cy and dependability of an instrument is based on a judgement made by the
community of practice.
– An instrument has a background consisting of an undisputable grounding
from one side (paradigms, postulates, restrictions, theories, culture, founda-
tions, conventions, authorities) and of a disputable and adjustable basis from
other side (assumptions, concepts, practices, language as carrier, thought
community and thought style, methodology, pattern, routines, commonsen-
se).
– Amodel is used in a context such as discipline, a time, an infrastructure, and
an application.
Not only should a model faithfully represent a collection of origins by being well-
formed, adequate, anddependable, it should alsoprovide facilities ormethods for
its use. A model is functional if there are methods for utilization of the instrument
to achieve the objectives for which an instrument might serve. Typical task objec-
tives include defining, constructing, exploring, communicating, understanding,
replacing, substituting, documenting, negotiating, replacing, optimizing, valida-
ting, verifying, testing, reporting, and accounting. We call a model effective if it
can be deployed according to its objectives.
27.2 Properties of Models
Models satisfy several properties thatmake them functional and effective (Mah08;
Mah15; Sta73; Tha10; Tha11; Tha12; Tha14):
(1) Mapping property: the model has an origin and can be based on a mapping
from the origin to the instrument.
(1’) Analogy property: the model is analogous to the origins based on some ana-
logy criterion.
(2) Truncation (reduction) property: themodel lacks someof the ascriptionsmade
to the origin and thus functions as an Aristotelian model by abstraction by
disregarding the irrelevant.
(3) Pragmatic property: themodel use is only justified for particularmodel users,
the tools of investigation, and the period of time.
(4) Amplification property: models use specific extensions which are not obser-
ved in the original.
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(5) Idealisation property: modelling abstracts from reality by scoping the model
to the ideal state of affairs.
(6) Carrier (cargo) property: models reflect a conception on origins based on
the capacity of a language and are filled with anticipation. They carry a
cargo(Mah08).
(6’) Utilisation property: themodel functionswell within its intended scenarios of
usage according to its capacity and potential.
(7) Divergence property: models (e.g. Galilean models) are developed for impro-
ving divergence, deviation, discrepancy the physical world or for inclusion of
visions of better reality, e.g. for construction via transformation.
(8) Added value property:models provide a value or benefit based on their utility,
capability and quality characteristics.
(9) Purpose property: models are governed by the purpose. The model preserves
the purpose.
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